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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Marine bioconstructors are, in simplified sense, marine calcifying organisms, both pelagic and 
benthic. 
 
The term applies to organisms with hard skeletons that remain in place after death, becoming a 
secondary substrate for other organisms of the same species or non-bioconstructors. 
 
Marine bioconstructors are best represented by tropical coral reefs, but are also present in 
temperate seas. 
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Their importance in temperate seas is often neglected, and knowledge of the carbonate 
production of non-tropical species is scarce. 
 
In the Mediterranean Sea, major carbonate marine frameworks are formed by long-living 
organisms such as encrusting red algae, corals, polychaetes, and bryozoans (Laborel 1987; 
Bianchi 1997, 2002; Bianchi and Morri 2004; Cocito and Ferdeghini 2001). 
Encrusting red algae (Mesophyllum 
alternans; Florideophyceae, 
Corallinales,  Corallinaceae) 
Corals (Astroides calycularis; Anthozoa, 
Scleractinia, Dendrophylliidae ) 
Bryozoans (Pentapora fascialis; 
Gymnolaemata, Cheilostomata, 
Hippoporinidae ) 
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Bryozoans and corals are known to form biohermal mounds in tropical, but also in temperate 
seas, like Mediterranean Sea. 
 
Bryozoan Pentapora fascialis and scleractinian coral Cladocora caespitosa are among the most 
known of all biconstructors in the Mediterranean Sea. 
 
The scleractinian coral Cladocora caespitosa, is a species known as important reef builders. 
Carbonate production of this coral can reach up to 10 kg CaCO3 m-2 year−1, comparable to data 
from constructional, tropical corals (Peirano et al. 2001). 
Cladocora caespitosa; 
Anthozoa, Scleractinia) 
Pentapora fascialis; 
Gymnolaemata, 
Cheilostomata) 
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Cladocora caespitosa lives at depths of 4–30 m. 
 
C. caespitosa is an obligatorily zooxanthellate. 
 
It is an endemic Mediterranean coral and is found in 
beds of hemispherical colonies or in a form of coral bank 
produced by the fusion of adjacent colonies, covering 
several square meters (Morri et al. 1994; Peirano et al. 
1998, 2001; Kružić and Požar-Domac 2003). 
 
Large banks of C. caespitosa have been found at several 
sites in the Mediterranean Sea: near the Tunisian coast 
and in the Aegean and Ligurian seas (Laborel 1961; 
Zibrowius 1980; Peirano et al. 1998). In the Adriatic Sea, 
Abel (1959) also described extensive colonies of C. 
caespitosa in the Lim channel near Rovinj, while Pax and 
Müller (1962) mention banks of C. caespitosa near the 
island of Mljet. 
Map of the Mediterranean Sea 
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Diversity Pattern 
Cladocora caespitosa lives at depths of 4–30 m. 
 
C. caespitosa is an obligatorily zooxanthellate. 
 
It is an endemic Mediterranean coral and is found in 
beds of hemispherical colonies or in a form of coral bank 
produced by the fusion of adjacent colonies, covering 
several square meters (Morri et al. 1994; Peirano et al. 
1998, 2001; Kružić and Požar-Domac 2003). 
 
Large banks of C. caespitosa have been found at several 
sites in the Mediterranean Sea: near the Tunisian coast 
and in the Aegean and Ligurian seas (Laborel 1961; 
Zibrowius 1980; Peirano et al. 1998). In the Adriatic Sea, 
Abel (1959) also described extensive colonies of C. 
caespitosa in the Lim channel near Rovinj, while Pax and 
Müller (1962) mention banks of C. caespitosa near the 
island of Mljet (Meleda). Map of the Adriatic Sea 
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
The C. caespitosa bank in the Mljet National 
Park (Southern Croatia, the Adriatic Sea) 
ranges from depths of 6 to 18 m and covers an 
area of 650 m2, forming one of the largest 
banks of C. caespitosa found in the 
Mediterranean  Sea (Fig. 25.1).  
Fig. 25.1   The Cladocora caespitosa bank in the Mljet 
National Park (Southern Adriatic Sea) 
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Deep sea corals (most often stony corals) are 
also important for the Mediterranean 
biodiversity.  
 
Most of what we know about deep sea corals 
has come from exploration and research within 
the past few decades. With the development 
of underwater imaging technologies and 
complex vehicles like ROV (remotely operated 
vehicles), scientists have been able to begin 
the study of corals within their natural 
environment.  
ROV di classe II. ROV da ispezione e da lavori leggeri. Sono ROV di medie dimensioni 
che possono arrivare a pesare anche 500kg. Possono essere equipaggiati con una o 
più camere, sensori di navigazione per il rilevamento e la scansione del fondale 
marino, manipolatori idraulici usati per lavori semplici.  La profondità massima a cui 
possono arrivare questi veicoli è di 3.000 m. 
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Deep-water corals are widely distributed within the earth’s oceans, with large reefs in the far North and far 
South Atlantic, as well as in the tropics in places such as the Florida coast. 
 
In the Mediterranean Sea, the principal deep-water coral species that contribute to reef formation are 
Lophelia pertusa, Madrepora oculata, Desmophyllum dianthus, Dendrophyllia ramea and D. cornigera.  
 
Dendrophyllia ramea and D. cornigera are known as ‘yellow corals’ and live in the circalittoral zone (from 35-
40 m, to 150-200 m), especially in the south-western areas of the Mediterranean (Bianchi 2007).  
Dendrophyllia ramea; Anthozoa, 
Scleractinia, Dendrophylliidae  
Dendrophyllia cornigera; Anthozoa, 
Scleractinia, Dendrophylliidae  
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Bioconstructors and Mediterranean Biodiversity 
 
Diversity Pattern 
Madrepora oculata, Desmophyllum dianthus and Lophelia pertusa are known as ‘white corals’, live in the 
bathyal zone (from 150-200 m to 2000 m).  
Madrepora oculata; Anthozoa, 
Scleractinia, Oculinidae   
Desmophyllum dianthus; Anthozoa, 
Scleractinia, Caryophylliidae  
Lophelia pertusa; Anthozoa, Scleractinia, 
Caryophylliidae 
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Bioconstructors and Mediterranean Biodiversity 
 
Coralligenous Community and Maërl Beds 
Coralligenous concretions are the result of the building activities of algal and animal builders 
and the physical as well as biological eroding processes (Ballesteros 2006). 
 
The final result is a very complex structure composed of several microhabitats (Fig. 25.2). 
Fig. 25.2   Coralligenous community in the Mljet National Park 
(Southern Adriatic Sea) 
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Bioconstructors and Mediterranean Biodiversity 
 
Coralligenous Community and Maërl Beds 
Coralline  red algae (Corallinales) are  the  main  coralligenous builders (Laborel 1961). 
Mesophyllum lichenoides and Mesophyllum (Pseudolithophyllum) expansum has probably been 
identified by most authors as being the most common coralline red algae in the coralligenous 
(Fig. 25.3). 
Fig. 25.3   Coralline red algae Mesophyllum lichenoides from the 
coralligenous community in the Mljet National Park (Southern 
Adriatic Sea) 
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Bioconstructors and Mediterranean Biodiversity 
 
Coralligenous Community and Maërl Beds 
Coralligenous animal builders were studied by Hong (1980) from the region of Marseilles. He 
found a total number of 124 species contributing to the buildups. He found that the most 
abundant animal group are the bryozoans, accounting for 62 % of the species, followed by the 
serpulid polychaetes, with the 23.4 % of the species. Minor contributors are the cnidarians (4 
%), molluscs (4 %), sponges (4 %), others (2.4%). 
Bryozoans (Myriapora 
truncata; Gymnolaemata) 
Serpulid polychaetes (Serpula 
vermicularis; Polychaeta) 
Cnidarians (Leptopsammia 
pruvoti; Anthozoa) 
Molluscs (Thylacodes 
arenarius; Gastropoda) 
Sponges (Fasciospongia 
cavernosa; Demospongiae) 
Estimates of the animal carbonate production in deep water (25–50 m depth) rocky bottoms 
from the Alboran Sea (southwestern Mediterranean), mainly dominated by suspension feeders 
with calcareous skeletons (predominantly anthozoans, bryozoans, and serpulids), are very high 
(around 1 Kg CaCO3  m−2  year−1) (Cebrian et al. 2000). 
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Coralligenous Community and Maërl Beds 
Maërl beds: coralline red algae (Corallinales) are usually the main constituents (most common 
are genus Lithothamnium, Phymatolithon, and Litophyllum) and live unattached. These species 
can form extensive beds.  Maërl  beds  form  a  complex three-dimensional habitat and have 
been found to harbour greater diversity of life in comparison to surrounding habitats (Martin et 
al. 2005; Grall et al. 2006). The distribution of Maërl occurs in the photic zone, up to 120 m deep 
in the Mediterranean Sea. Maërl beds can act as nursery areas  for  juvenile  stages. 
Lithothamnium and 
Phymatolithon (Corallinales) 
Litophyllum (Corallinales) 
Maërl bed 
Bioconstructions in the Mediterranean: Present and Future 
[Kružić P., 2014. Bioconstructions in the Mediterranean: Present and Future. In: Goffredo S., 
Dubinsky Z. (eds) The Mediterranean Sea: Its history and present challeges. Springer, Dordrecht, 
p 435-447] 
Threats to Mediterranean Bioconstructors: Major Threats 
 
Trawling and dredging 
Bottom trawling is probably the most destructive 
impact currently affecting marine bioconstructors 
(like impact on coralligenous communities). 
 
As this fishing gear drags and rolls along and digs into 
the sea floor, the result is often habitat destruction. 
 
Bottom trawling is also completely destructive in 
maërl beds, being the main cause of maërl 
disappearance in large Mediterranean areas. 
 
The action of bottom trawling gear over 
coralligenous and maërl assemblages leads to the 
death of most engineering, dominant and builder 
species, completely changing the environmental 
conditions of the coralligenous microhabitats and 
from the maërl environment. 
Bottom trawling is the method of fishing responsible for the 
greatest environmental damage. Bottom trawling drags a 
net weighted down with extremely heavy cables and rollers 
over the ocean floor, scraping everything in its path, 
including all sea creatures and plant life-forms, as well as 
the habitat necessary for their survival. 
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Threats to Mediterranean Bioconstructors: Major Threats 
 
Dynamite Fishing 
This illegal practice can be extremely destructive to 
the surrounding ecosystem, as the explosion often 
destroys the underlying habitat (such as 
coralligenous community).  
 
Dynamite fishing is set off under water to kill fish for 
easy collection or to attract fish from deeper bottom.  
 
The explosives used destroy the marine 
environment, leaving it devoid of life. 
 
Dynamite fishing is banned by most countries, 
but is, unfortunately, still frequent in Mediterranean. 
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Threats to Mediterranean Bioconstructors: Major Threats 
 
Anchoring 
Anchoring has a very severe impact in coralligenous concretions, as most of the engineering 
organisms are very fragile and are easily detached or broken by anchors and chains. 
 
While it is possible for sea-bottom habitats, such as coralligenous community, to recover from 
anchor damage, this is a very slow process that can usually take many decades. 
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Threats to Mediterranean Bioconstructors: Major Threats 
 
Invasive Species 
Currently, at least three algal species are threatening coralligenous and maërl communities in 
the Mediterranean: Womersleyella setacea, Caulerpa racemosa, and Caulerpa taxifolia. 
 
All of them are in relatively shallow water coralligenous outcrops and maërl beds (until 60 m), 
where irradiance levels are sufficient to permit their growth (Ballesteros 2006). 
 
They are especially dangerous, because they completely cover the basal stratum of coralline  red 
algae. 
Womersleyella setacea; Rhodophyta, 
Florideophyceae, Ceramiales, 
Rhodomelaceae    
Caulerpa racemosa; Chlorophyta, 
Ulvophyceae, Bryopsidales, 
Caulerpaceae       
Caulerpa taxifolia; Chlorophyta, 
Ulvophyceae, Bryopsidales, 
Caulerpaceae 
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Threats to Mediterranean Bioconstructors: Major Threats 
 
Recreational Diving 
The coralligenous community is one of the most popular sites for recreational diving in the 
Mediterranean due to its great variety of life and great visual appeal (Harmelin 1993). 
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Recreational Diving 
Uncontrolled or over-frequentation of divers in coralligenous communities has been described 
to produce an effect over certain large or fragile suspension feeders inhabiting coralligenous 
communities (Sala et al. 1996; Garrabou et al. 1998; Coma et al. 2004; Linares et al. 2005; 
Ballesteros 2006). 
 
Impacts caused by recreational scuba activity vary widely among different divers with differing 
underwater behaviour. 
pH 
today, 8.1 -> 7.8, at the end of this century 
 
This represents an extremely rapid rate of change, which will lead to a decrease in seawater pH 
up to levels never reached in the past 20 millions years  (Pearson and Palmer, 2000, Nature 406: 
695-699) 
 
 
“We are changing ocean chemistry too much too 
fast ”(Caldeira, 2007, Oceanography, 20: 188-
195) 
(Caldeira e Wickett , 2005, Journal of Geophysical Research , 110: C09S04 ) 
Turley et al., 2010, Marine Pollution  Bulletin, 60: 
787-792 
Change of H+  concentration 
+ 99.5%  
(Orr et al., 2005, Nature 437: 681-686)  
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Bioconstructors and Acidification 
Anthropogenic carbon dioxide (CO2) has 
already caused ocean pH to decrease by an 
average of 0.1 units since pre-industrial time 
(Raven et al. 2005). 
Evolution of the pH value. Zonal mean sea surface pH 
values for preindustrial times, year 2000, and four SRES 
IPCC scenarios for year 2100 (Hofmann H., Schellnhuber H. 
J., 2010, Energy & Environmental Science 3: 1883–1896).  
Med 
Sea  
lat. 
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Bioconstructors and Acidification 
A first estimate in the Mediterranean Sea indicates a pH decrease of up to 0.14 units since the 
pre-industrial era affecting the entire water column, especially in the western Mediterranean 
basin (Touratier and Goyet 2011).  
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Global Change 
 
Impact of Acidification 
Recently an estimation of a pH decrease of up to 0.14 units has been identified in the western 
Mediterranean Sea since preindustrial times, which is of higher magnitude than the global 
surface ocean decrease of about 0.1 units over this time period (Calvo et al. 2011). 
Second 
industrial 
revolution 
1856-1878 2000 
pH OPEN OCEAN                                         8.2                                                   8.1 (-0.1)       
pH WESTERN MEDITERRANEAN SEA       8.2                                                    8.06 (-0.14)  
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Global Change 
 
Impact of Acidification 
Recently an estimation of a pH decrease of up to 0.14 units has been identified in the western 
Mediterranean Sea since preindustrial times, which is of higher magnitude than the global 
surface ocean decrease of about 0.1 units over this time period (Calvo et al. 2011). 
Second 
industrial 
revolution 
1856-1878 2000 
pH OPEN OCEAN                                         8.2                                                   8.1 (-0.1)      +23% [H+] 
pH WESTERN MEDITERRANEAN SEA       8.2                                                    8.06 (-0.14) + 35% [H+] 
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Bioconstructors and Acidification 
Cigliano et al. (2010) reported that six main taxonomic groups (foraminiferans,  
nematodes, polychaetes, molluscs,  crustaceans  and  chaetognaths)  showed  highly significant         
reductions in recruitment caused by acidified conditions near the vents (pH 7.08–7.79) at Ischia  
(Gulf of Naples, Tyrrhenian Sea), Italy. 
 
Coralline red algae are of significant importance, especially in the Mediterranean Sea where 
they are the major contributors to biogenic carbonate production. The study of Martin et al. 
(2008) shows a significant reduction in epiphytic coralline algal cover with increasing 
acidification of seawater due to natural CO2 vents. 
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Bioconstructors and Mass Mortalities 
Several episodes of mass mortalities have been detected in the northwestern Mediterranean (Rivoire 
1991; Bavestrello et al. 1994; Cerrano et al. 2000; Garrabou 1999; Garrabou et al. 2001, 2009). 
 
In most cases, sessile marine organisms were victims of these large-scale mortality events that 
affected shallow water assemblages (5–40 m depth). 
 
In these episodes the characteristic summer conditions of reduced resources, high water column 
stability and high temperatures (normally during July and August) lasted much longer than usual and 
this coincided with a mass mortality of benthic organisms, affecting also a coralligenous community. 
 
Some suspension feeders might be able to withstand the normal duration of adverse summer 
conditions but not an anomalous prolongation of these conditions, resulting in an energy shortage 
related to the low food availability in summer (Coma et al. 2000; Coma and Ribes 2003).  
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Bioconstructors and Mass Mortalities 
A mass mortality event of the red coral Corallium 
rubrum occurred in the NW Mediterranean region in 
summer 1999 (Garrabou et al. 2001). 
 
During late summer 1999, the NW Mediterranean 
area affected by the mass mortality event 
experienced high temperatures and hydrographic 
stability over a period of several weeks. This 
temperature anomaly could have caused 
physiological stress and triggered the development 
of pathogenic agents that otherwise would have 
remained non-virulent. 
 
There were no signs of mass mortality below 40 m 
depth in red coral populations.  
Corallium rubrum; Anthozoa, Alcyonacea , Coralliidae     
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Bioconstructors and Mass Mortalities 
In late summer 2003, extensive mass 
mortality of at least 25 rocky benthic 
macroinvertebrate species (mainly 
gorgonians and sponges) was observed 
in the entire NW Mediterranean region 
(Garrabou et al. 2009). 
 
The heat wave of summer 2003 in NW 
Mediterranean region caused an 
anomalous warming of seawater, which 
reached the highest temperatures ever 
recorded, between 1 and 3 °C above the 
climatic values. 
Gorgonians (Paramuricea clavata; 
Anthozoa, Alcyonacea, Plexauridae)      
Sponges (Petrosia ficiformis; 
Demospongiae,  Haplosclerida, 
Petrosiidae)      
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Bioconstructors and Mass Mortalities 
The Adriatic Sea has been also affected by several severe mortality events of benthic invertebrate species during 
the last few decades (Kružić et al. 2012). 
 
The first unprecedented large-scale mass mortality event was recorded during summer 1997, affecting about 30 
benthic species. Anomalous high-temperature conditions during summer 1997 were identified as the main 
triggering factor of these mortalities. 
 
Mortality events of the zooxanthellate corals Cladocora caespitosa and Balanophyllia europaea and non-
zooxanthellate Caryophyllia inornata and Leptopsammia pruvoti were recorded in several sites in the Adriatic Sea 
during the summers of 1997, 1999, 2003, 2006 and 2009.  
Cladocora caespitosa; Anthozoa, 
Scleractinia, Caryophylliidae     
Balanophyllia europaea; 
Anthozoa, Scleractinia, 
Dendrophylliidae      
Caryophyllia inornata; Anthozoa, 
Scleractinia, Caryophylliidae       
Leptopsammia pruvoti; Anthozoa, 
Scleractinia, Dendrophylliidae       
Bioconstructions in the Mediterranean: Present and Future 
[Kružić P., 2014. Bioconstructions in the Mediterranean: Present and Future. In: Goffredo S., 
Dubinsky Z. (eds) The Mediterranean Sea: Its history and present challeges. Springer, Dordrecht, 
p 435-447] 
Threats to Mediterranean Bioconstructors: Major Threats 
 
Bioconstructors and Mass Mortalities 
Under the present climate warming trend, new mass mortality events may occur in the near 
future, possibly driving a major biodiversity crisis in the Mediterranean Sea, especially in 
Mediterranean bioconstructors. 
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Climate Change and Mediterranean Bioconstructors 
 
How Climate Change Influences Bioconstructors 
The first definite signs of changes in sea temperature came from 
Mediterranean deep waters (depths below 400 m) .  A 30-year 
time series (1959–1989) of deep-water temperatures acquired 
in the northwestern Mediterranean (NWM) demonstrated a 
general warming trend of ~0.12 °C (~0.004 °C per year), a 
possible result of human-induced global warming (Béthoux et al. 
1990; Vargas-Yáñez et al. 2002). 
  
A 30-year data set (1974–2005) from the Spanish Catalan coast 
first demonstrated the warming of the littoral zone at four 
different depths from the surface to 80 m and showed a clear 
trend at all depths, with an impressive warming of 1.4 °C at 20 m 
(Coma et al. 2009). 
 
In the Northwestern Mediterranean, tens of significant range 
expansions of species of warm water affinity have been 
recorded. One of the  examples is the warm stenotherm orange 
coral Astroides calycularis, very common in the eastern and 
southern shores and recently shifts its distribution 
northwestwards (Francour et al. 1994; Kružić 2002) 
Astroides calycularis; Anthozoa, Scleractinia, 
Dendrophylliidae  
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How Climate Change Influences Bioconstructors 
Climate change combines with Atlantic influx and lessepsian migration to  the  establishment  of  
tropical  marine  biota  in  the Mediterranean  Sea  (Bianchi  2007). 
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Temperature Anomalies in the Mediterranean 
Heat stress frequency clearly increased over the last two 
decades. 
 
Exposure to anomalous high temperatures can act directly to 
cause metabolic dysfunctions (Coma and Ribes 2003; Coma et 
al. 2009) or indirectly by favoring the development of 
pathogens (Bally and Garrabou 2007). 
 
Mortality of the coral C. caespitosa caused by elevated water 
temperatures has been described by Rodolfo-Metalpa et al. 
(2000, 2005, 2006) in the Ligurian Sea, as well as by Cerrano et 
al. (2000), Ferrier- Pagès et al. (2009), and Garrabou et al. 
(2001, 2009) in other sessile marine invertebrates. 
Mljet C. caespitosa bank, Croatia: the only known example 
of a modern C. caepitosa buildup comparable to a tropical 
reef (Photo courtesy of P. Kruzic) 
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Future of Bioconstructors in the Mediterranean 
Projections available for the Mediterranean basin region for the twenty-first century indicate 
warmer and drier conditions with a dramatic increase in the frequency and persistence of 
extreme events such as heat waves (Stott et al. 2004; Diffenbaugh et al. 2007). 
 
In the Black Sea and Mediterranean Sea surface waters will suffer sharp reductions in carbonate 
ion concentrations [CO32-] (Mediterranean Sea – 37 %; Black Sea – 45 %; McNeil and Matear 
2008; Steinacher et al. 2009). 
 
The expansion and intensification of climate change effects together with the effects of other 
strong disturbances (pollution, mechanical habitat destruction, invasive species, and 
overfishing) may act together, driving the Mediterranean to a MAJOR BIODIVERSITY CRISIS 
DURING THE TWENTY-FIRST CENTURY (Bianchi and Morri 2000; Sala 2004). 
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Il XXI secolo inizia nell'anno 2001 e termina nell'anno 2100 incluso 
